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In vivo effects of orally administered prednisolone on
prostaglandin and leucotriene production in ulcerative
colitis
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SUMMARY It has been proposed that anti-inflammatory actions of corticosteroids rely on
promotion of a natural peptide phospholipase A2 inhibitor, lipocortin, but in vivo effects on
arachidonic acid metabolism have not been shown. Equilibrium dialysis of the rectum in patients
with ulcerative colitis was used to determine whether cyclooxygenase and lipoxygenase products
released from the inflamed rectal mucosa could be differentially inhibited by systemic treatment
with prednisolone and indomethacin, respectively. In 10 patients with severe disease luminal
concentrations of prostaglandin E2, prostaglandin F2a, and leucotriene B4 were markedly raised
(p<0-05) on comparison with 10 healthy controls, and they decreased significantly (p<0-05) within
72 hours after administration of prednisolone 1-5 mg/kg/day orally. In contrast prostaglandin, but
not leucotriene B4 concentrations decreased (p<0-05) within 72 hours after administration of
indomethacin 150 mg/day in another 10 patients with distal disease. These prompt reductions in
concentrations of arachidonic acid metabolites more likely are caused by direct drug actions, rather
than being secondary to decreased tissue damage. The data accord with the theory explaining anti-
inflammatory effects of corticosteroids through lipocortin activity and support the belief that
leucotrienes are more important than prostaglandins as mediators of inflammation in ulcerative
colitis.

Administration of pharmacologic doses of cortico-
steroids is one of the therapeutic mainstays in the
treatment of a large number of inflammatory and
immunologically mediated diseases. Despite their
widespread use it has not been possible to con-
ceptualise their anti-inflammatory mechanisms in
any single model,'2 although increasing lines of
investigation are concerned with a modulation of the
arachidonic acid cascade. Arachidonic acid is
released from cellular phospholipids by the activity of
various phospholipases' and is subsequently meta-
bolised either through the cyclooxygenase pathway4
to prostaglandins, prostacyclin and thromboxanes or
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through the lipoxygenase pathways' to hydroxy-
peroxyeicosatetraenoic acids, hydroxyeicosa-
tetraenoic acids, and leucotrienes. These oxygena-
tion products play a central role - both in the
expression of the efferent limb of immune based
inflammatory responses and in acute inflammatory
responses where specific immunity plays no primary
role6- by acting as mediators of pain, fever, increased
vascular permeability, or oedema formation and as
modulators of numerous aspects of lymphocyte and
phagocytic cell function.7 Unlike aspirin and other
non-steroidal anti-inflammatory compounds, which
block the cyclooxygenase pathway,' the cortico-
steroids do not inhibit arachidonic acid metabolism in
cell free systems."' In contrast, these drugs are
considered to inhibit phospholipase activity in viable
cells"'2 by promoting the synthesis of a natural
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phospholipase A2 inhibitor, commonly denoted as
lipocortin." Although this action of corticosteroids,
in high doses at least, seems fairly reproducible in
various in vitro systems and in some experimental
models of inflammation in animals, its relevance for
the in vivo condition in man remains unsettled.
Furthermore, in recent studies the administration of
pharmacologic doses of corticosteroids did not affect
the total body prostanoid synthesis in the normal
condition.'4" We therefore studied whether cyclo-
oxygenase- and lipoxygenase products released from
inflamed rectal mucosa'" in patients with ulcerative
colitis could be promptly - that is, within 72 hours,
and differentially inhibited by orally administered
prednisolone and the cyclooxygenase inhibitor,
indomethacin, respectively. Considering the difficul-
ties inherent in the choice of an experimental design,
which prevents non-specific stimulation of arachi-
donic acid release and metabolism,'7 we applied the
method of in vivo dialysis of rectum'6 to provide the
most reliable index of the balance between local
synthesis and degradation in vivo.

Methods

SUBJECTS
The study comprised 10 consecutive inpatients (four
men and six women, aged 23-69 years) fulfilling the
following criteria: (1) proven ulcerative colitis;'
(2) endoscopically proven rectal affection; (3) severe
disease activity according to a conventional semi-
quantitative grading;'" and (4) no drug treatment, at
least the last week before entry to the study. Thus
current consensus indicated systemic treatment of
these patients with high dose corticosteroids. " A
control group consisted of 10 (three men and seven
women; aged 21-69 years) out of 12 untreated
consecutive outpatients (two refused participation)
with proven ulcerative colitis'6 confined to the rectum
and distal sigmoid colon with moderate or severe
endoscopic disease activity'9 and no general symp-
toms or signs of clinically severe disease activity.'"
The conventional treatment of these patients, that is
sulphasalazine and topical corticosteroids,2" was
postponed by a three day prescription of indo-
methacin. Finally, another control group consisted of
10 healthy subjects (five men and five women; aged
16-49 years). Neither of the controls had taken any
drug the week before the study. Each participant
gave informed consent. The study was done in
accordance with the Helsinki Declaration II and
approved by the regional ethics committee.

EXPERIMENTAL DESIGN
Equilibrium in vivo dialysis of the rectum was done as
recently described elsewhere:'" (1) Before and within

72 hours of treatment with oral prednisolone 1-5
mg/kg/day administered as two doses in the 10
inpatients with severe ulcerative colitis; (2) before
and within 72 hours on indomethacin 50 mg orally
three times daily in the 10 outpatients with distally
located ulcerative colitis. The compliance to pre-
scription was checked by counting returned capsules
of indomethacin and by the determination of serum
concentrations of indomethacin' at 72 hours; and
(3) once in 10 healthy controls. To avoid tissue
damage and subsequent artificial arachidonic acid
release rectal biopsy specimens were not obtained
until completion of the second dialysis procedure,
when the patients continued treatment according to
the routine of the clinic."' The dialysates were
analysed for the cyclooxygenase products, prosta-
glandin E2 and prostaglandin F2Q, and for the lipo-
xygenase product, leucotriene B4.

ANALYTICAL PROCEDURES
Prostaglandin E2 and prostaglandin F26, were
measured by radioimmunological methods validated
by gas chromatography mass spectrometry2' and
leucotriene B4 was measured by quantitative high
pressure liquid chromatography'" as previously
described.

STATISTICAL ANALYSIS
Non-parametric statistics were used. The results
were given as medians with ranges. The data were
analysed by the Mann-Whitney test for unpaired
variates and the Wilcoxon's matched-pairs-signed-
ranks test as appropriate. Only two tailed tests were
used. Values of p<0 05 were considered significant.

Results

The concentrations of prostaglandins and leucotriene
B4 in the rectal lumen were markedly increased
(Mann-Whitney test p<005) in both groups of
patients with ulcerative colitis compared with healthy
controls (Table). Leucotriene B4 concentrations
were significantly more raised (p<0 05) in patients
with severe disease (Table) than in patients with
distally located disease. Conversely, the concentra-
tions of prostaglandins were not different between
the groups of patients.

Figure 1 shows a significant decrease (Wilcoxon's
matched-pairs-signed-ranks test, p<005) in luminal
concentrations of cyclooxygenase and lipoxygenase
products in the rectum from patients with ulcerative
colitis within 72 hours of starting prednisolone treat-
ment. The clinical condition improved gradually in
all cases during the continued hospitalisation and the
dose of prednisolone was gradually tapered.

During indomethacin administration luminal con-
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Table Median concentrations (range) ofprostaglandins (nglml) and leucotriene B4 (nglml) in the rectal lumen ofpatients
with ulcerative colitis and healthy controls

Ulcerative colitis

Outpatients with distally located Controls
Inpatients with severe disease (n =10) disease (n= 10) (=10)

ProstaglandinE2 14.5(7.1-58.3)* 18.7(0.9-X877)* 0.4(02-006)
ProstaglandinF,,2 22 (1-6-6.9)* 2.5 (0.7-8 2)* 0.2 (0.2-0.6)
Leucotriene B4 7 0 (1.7- 183)*t 10( (<0.5 -57)* <0(5 (<0.5)

*p<0(05 compared with controls; tp<0 05 compared with patients with distally located disease; Conversion: traditional units to SI-PGE2,
PGFO,(, and LTB4: I ng/mlV3 nmol/l.
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Fig. 1 Effects ofprednisolone (1 5mglkglday orally)
within 72 hours on luminal concentrations ofprostaglandin
E2 (PGE,), prostaglandin F2,, (PGF2,J and leucotriene B4
(L TB4) in the rectum often inpatients with severe ulcerative
colitis. 0 denote pretreatment values and A post-treatment
values. Logarithmic scale. Post-treatment leucotriene B4
analysis failed in a single case.

centrations of prostaglandins decreased significantly
(Wilcoxon's matched-pairs-signed-ranks test,
p<O005), whereas leucotriene B4 concentrations
increased in five cases, were unchanged in three, and
decreased in a single patient with distally located
ulcerative colitis (Fig. 2). Counting of returned
indomethacin capsules was consistent with the stipu-
lated prescription and serum indomethacin concen-
trations ranged from 0-24-2-13 .tg/ml (median 1-01
.tg/ml), showing a good compliance to the outpatient
regimen. Two patients claimed nausea and one of
dizziness, but no change in the bowel symptoms were
reported during this short term administration of
indomethacin. All patients recovered during the
subsequent topical treatment with corticosteroids.

Discussion

The results show increased concentrations of pro-
staglandin E2, prostaglandin F2(a, and leucotriene B4
in the rectal lumen of patients with active inflamma-
tory bowel disease. Although arachidonic acid
oxygenation products are putative mediators of
inflammation it cannot be excluded that increased
amounts may simply be measurable epiphenomina
of the local inflammatory process."4 In contrast,
a decrease in disease activity and tissue damage
is unlikely to have occurred within 72 hours of
medication with indomethacin, which has proved
ineffective in this particular inflammation."5'
The significantly decreased concentrations of
prostaglandins in the face of rising leucotriene B4
concentrations may, therefore, be explained by the
pharmacologic action of indomethacin. In this
connection the prompt reduction in concentrations of
all measured arachidonic acid oxygenation products
after prednisolone may also represent a direct
pharmacologic action of the corticosteroid.
The in vivo demonstration of a drug induced

alteration of arachidonic acid metabolism in a certain
way does not necessarily indicate that the drug alters
the course of inflammation via that mechanism.'7
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Fig. 2 Effects ofindomethacin (150 mglday orally) within
72 hours on luminal concentrations ofprostaglandin E2
(PGE2), prostaglandin F2,,, (PGF24, and leucotriene B4
(L TB4) concentrations in the rectum often outpatients with
distally located ulcerative colitis. 0 denotepretreatment
values and A post-treatment values. Logarithmic scale.
Sampling ofdialysate was insufficientfor LTB4 analysis in a
single case.

Because corticosteroids are the most effective drugs
in ulcerative colitis2" it is tempting to ascribe the anti-
inflammatory mechanism to the observed effect of
the drug on arachidonic acid metabolites. This is
consistent with the observation that leucotriene B4 is
a powerful chemotactic agent,28 which has been
shown in increased amounts in scraped colonic
mucosa from patients with ulcerative colitis.29
We have previously found that luminal concentra-

tions of prostaglandin E2 and leucotriene B4 were
positively correlated to disease activity in patients

with distally located ulcerative colitis and decreased
toward control levels at. two or four weeks in the
patients who had responded to treatment."' The
reports that indomethacin is without therapeutic
efficacy in ulcerative colitis25 2h and the present obser-
vations of more increased concentrations of leuco-
trien B4 in patients with severe disease, in addition to
the prompt decrease after prednisolone, substantiate
the belief9 that leucotrienes may be more important
than prostaglandins as mediators of inflammation in
ulcerative colitis.
The present data on the effects of prednisolone on

stimulated arachidonic acid metabolism accord with
the molecular theory of an anti-inflammatory action
through inhibition of phospholipase A2'12 mediated
by lipocortin, a 40 kD protein, the structure of which
is now known.' In addition to being derived from
phosphatidylcholine and phosphatidylethanolamine
by the activation of phospholipase A2, arachidonic
acid is released from inositol phospholipids, via two
consecutive reactions catalysed by phospholipase C
and diacylglycerol lipase.3'32 Our data make it tempt-
ing, therefore, to suggest that phosphatidylinositol
turnover is the major source of arachidonic acid in
the normal condition, where total body production
of prostaglandins appears unaffected by cortico-
steroids,'4 15 whereas the action of phospholipase A2
is a major determinant of arachidonic acid meta-
bolism in the inflamed tissue.
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